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Description 

The present invention relates to a DC motor control 
system, particularly, it relates to an electrical angle con- 
trol system for a brushless DC motor to ensure an ac- s 
celeration characteristic at the start of rotation and to 
reduce power consumption of the motor. 

In general, a DC motor has many merits, for exam- 
ple, a rapid start acceleration, a large start torque, a lin- 
ear characteristic of rotation for the change in a voltage 
supply, and a linear characteristic of torque for the 
change in an input current. 

Accordingly, the DC motor is widely used in various 
fields, particularly, as a control motor of an automatic 
control system based on the above merits. 

Further as is known, a brushless DC motor has an 
electrical rectification circuit instead of a mechanical 
rectification means, for example, a brush and a commu- 
tator. Accordingly, the brushless DC motor has a good 
noise characteristic because it has no contact portions 
in the rectification mechanism. 

Because of a good noise characteristic the brush- 
less DC motor is also used as a spindle motor for a mag- 
netic disc apparatus. In the magnetic disc apparatus, it 
is also important to reduce power consumption of the 
spindle motor. 

It is known from US-A-4,835,448 that it is possible 
to control the torque of a brushless DC motor utilizing a 
phase advance signal. 

The object of the present invention is to provide a 
bushless DC motor that ensures an acceleration char- 
acteristic at the start of rotation and a small driving cur- 
rent to reduce the power consumption of the motor. 

In accordance with the present invention, there is 
provided an electrical angle control system for a brush- 
less DC motor having a relatively high counter electro- 
motive voltage, the system including: 

a rotor position detection unit mounted to the motor 
for detecting the rotor position and generating a po- 
sition detection signal; 

an electrical angle control unit receiving the position 
detection signal and controlling the period of the 
position detection signal in such a way that the elec- 
trical angle is advanced from the electrical angle of 
zero degrees to an advanced angle during acceler- 
ation at the start of rotation to ensure an accelera- 
tion characteristic of the motor, and the electrical 
angle is returned to the electrical angle of zero de- 
grees during normal rotation to ensure a small driv- 
ing current to reduce power consumption of the mo- 
tor: and 

a driving unit receiving position detection signals 
each having an electrical angle controlled by the 
electrical angle control unit, and outputting the driv- 
ing current to the motor. 

In a preferred embodiment, the electrical angle con- 
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trol unit further controls the electrical angle in such a 
way that, first, the electrical angle is not advanced just 
after the start rotation, and then the electrical angle is 
advanced from zero degrees to an advanced angle until 
the rotation becomes normal, and finally, the electrical 
angle is returned to zero degrees. 

In another preferred embodiment, the electrical an- 
gle control unit includes: a 1 6-bit free run counter receiv- 
ing clocks having one micro-second period, counting the 
clocks and outputting 16-bits data from "0000" to "rfff"; 
1 6-bit data latch circuits for latching 1 6-bit data: a 1 6-bits 
comparator for comparing 16-bits data from the free run 
counter with 16-bits data indicating the amount of elec- 
trical angle to be controlled from a microprocessor: a re- 
load counter for incrementing a count for every 1/6 pe- 
riod of position detection signal and outputting the re- 
sultant data; and a ripple counter for receiving the re- 
sultant data and counting five times to stop the count of 
the re-load counter. 

In still another preferred embodiment, the electrical 
angle control unit further includes a phase pattern gen- 
erator to generate each position detection signal having 
an advanced electrical angle. 

Briefly, in a brushless DC motor having a relatively 
large counter electromotive voltage, according to the 
present invention, a period of the apposition detection 
signal is controlled in such a way that a rectification 
phase angle, i.e., an electrical angle is advanced from 
the electrical angle of zero degrees during acceleration 
at the start of rotation thereby ensuring an acceleration 
characteristic of the motor and the electrical angle is re- 
turned to zero degrees during normal rotation. As a re- 
sult of the above control, it is possible to ensure an ac- 
celeration characteristic at the start of rotation. Further, 
it is possible to ensure a small driving current of the mo- 
tor so that it is possible to reduce power consumption of 
the motor. 

A magnetic disc apparatus applying the present in- 
vention includes: 

a spindle motor formed by a brushless DC motor 
having a relatively high counter electromotive volt- 
age, and rotating a plurality of discs based on a pre- 
determined rotational speed; 
a rotor position detection means mounted to the 
motor for detecting the rotor position and generating 
a position detection signal; 

an electrical angle control system for controlling an 
electrical angle of drive current supplied to the spin- 
dle motor so as to advance from zero degrees to an 
advanced angle during acceleration at the start of 
rotation and to return to zero degree during normal 
rotation: 

a voice coil motor for moving a plurality of heads to 
predetermined position on the disc based on a po- 
sition signal; 

a rotational speed control unit for controlling the ro- 
tational speed of the spindle motor: and 
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a position control unit for generating the position 
signal to control the position of the head on the disc 
to the predetermined position through the voice coil 
motor. 

5 

In the drawings: 

Fig. 1 is a basic structure of a brushless DC motor: 
Fig. 2 is a detailed diagram of the control circuit 
shown in Fig. 1: 10 
Fig. 3 is a basic block diagram applying the present 
invention: 

Fig. 4 is a detailed block diagram supplying the 
present invention: 

Fig. 5 is a basic flowchart explaining control of an '5 
electrical angle at the electrical angle control unit 
24: 

* Fig. 6 is a basic timing chart of the driving current; 
Fig. 7 A is a view for explaining a counter electromo- 
tive voltage at the electrical angle of zero degrees 20 
in the three-phase DC motor: 
Fig. 7B is a view for explaining a counter electromo- 
tive voltage at an advanced electrical angle in the 
three-phase DC motor: 

Figs. 8A to 8C are detailed views explaining the re- 25 
lationship between the driving current (slanted por- 
tion) and the counter electromotive voltage; 
Figs. 9A and 9B are flowcharts explaining the con- 
trol of an electrical angle according to the present 
invention: 30 
Fig. ,10 is a detailed circuit diagram of the electrical 
angle control unit: 

Fig. 11 is a detailed block diagram of a phase pat- 
tern generator: 

Fig. 12 is a timing chart of the diagram shown in 3$ 
Figs. 10 and 11; 

Fig. 13A and 13B are timing charts for position de- 
tection signals A ; B and C to explain the embodi- 
ment shown in Figs. 9A to 1 2: and 
Fig. 1 4 is a schematic block diagram of a magnetic *o 
disc apparatus applying the present invention. 

Before describing the preferred embodiments, an 
explanation will be given of a basic structure of a brush- 
less DC motor. 46 

Figure 1 is a basic structure of a brushless DC mo- 
tor. Although this drawing shows a two-phase motor, a 
three-phase motor also has a similar structure. In Fig. 
1 , 1 denotes a rotor 2 a stator, 3 a driving coil, 4 a control 
circuit, and 5 a hall element. 50 

The rotor 1 is formed by a permanent magnet, and 
the driving coils 3 are provided for the stator 2 and con- 
nected to the control circuit 4. As is known, when a DC 
current is alternately supplied from the control circuit 4 
to the driving coil 3 t the rotor 1 starts to rotate in re- 55 
sponse to a magnetic repulsion force between the rotor 
and the stator. Further, the hall element 5 is provided for 
detecting a position of a magnetic pole of the rotor 1 



Figure 2 is a detailed diagram of the control circuit 
shown in Fig. 1. In this case, the brushless DC motor ts 
three-phase motor. In Fig. 2, DC denotes a direct current 
power source, and Tr denotes a switching transistor. As 
is known, when each transistor Tr is alternately turned 
ON/turned OFF in accordance with control of the distri- 
bution circuit, the DC current is alternately provided to 
the corresponding coil 3 so that the rotor 1 can be rotat- 
ed under a magnetic repulsion force. 

In the characteristic of the brushless DC motor, the 
driving current increases in the acceleration at the start 
of rotation so that power consumption also increases 
during acceleration. Further, the counter electromotive 
voltage occurs in each driving coil in the above state. 

In general there are two methods to ensure the ac- 
celeration characteristic at the start of rotation at low 
temperature. That is, the first method is to set the coun- 
ter electromotive voltage to a lower value, and the sec- 
ond method is to supply the driving current to the coil in 
the lower counter electromotive voltage that can be ob- 
tained by moving the location of the hall element 5. 

However, when carrying out the above first or sec- 
ond method to ensure the acceleration characteristic at 
the start of rotation at a low temperature, at a normal 
temperature, the rotational speed at a no-load is in- 
creases considerably and the power consumption also 
increases during the normal rotation of the motor. 

Therefore, the primary object of the presnt invention 
is the reduction of power consumption of the brushless 
DC motor. Accordingly, the brushless DC motor having 
a relatively high counter electromotive voltage is utilized 
to achieve the above object. In this case : the higher the 
counter electromotive voltage, the smaller the driving 
current. As a result, it is possible to reduce the power 
consumption of a brushless DC motor. There is, howev- 
er, a further problem in the above countermeasure. That 
is, the smaller the driving current, the worse the accel- 
eration characteristic at the start of rotation. 

Accordingly, in the present invention, to avoid dete- 
rioration of the acceleration characteristic at the start of 
rotation, the rectification phase angle, i.e., the electrical 
angle advances from zero degrees during acceleration 
to shift a supply timing of the driving current to the coil. 
As a result, it is possible to ensure the acceleration char- 
acteristic at the start of rotation. 

Figure 3 is a basic block diagram applying the 
present invention. The brushless DC motor M has a rel- 
atively large counter electromotive voltage. A positions 
detection signal S detected by the hall element 5 is ap- 
plied to an electrical angle control means 11. The elec- 
trical angle control means 11 outputs position detection 
signals having a controlled electrical advanced angle ±\ 
to a driving means 12 to advance the electrical angle 
during rotation, and the driving means 12 applies the 
driving current C to the motor M in the supply timing of 
the advanced angle M. In the present invention, when 
the rotational speed reachs the normal state, the elec- 
trical angle is returned to zero degrees so that it is pos- 
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sible to reduce the power consumption because the 
counter electromotive voltage is high and the driving 
current is small 

Figure 4 is a detailed block diagram applying the 
present invention. In Fig. 4, a rotor position detection 
unit 21 detects the position of the rotor 1, a speed de- 
tection unit 22 detects a rotational speed of the rotor 1 , 
a speed control unit 23 controls the rotational speed, 
and an electrical angle control unit 24 controls the elec- 
trical angle based on the position detection signal S. 
Further a driving signal generation unit 25 generates 
the motor driving signal D based on the electrical angle 
signal, the speed control signal, and the overcurrent sig- 
nal A motor driving unit 26 generates the driving current 
C t and an overcurrent detection unit 27 detects the over- 
current flowing the driving coil. 

Figure 5 is a basic flowchart explaining the control 
of" an electrical angle at the electrical angle control unit 
24, and Figure 6 is a basic timing chart of the driving 
current. In step 1 , when the electrical angle control unit 

24 receives the position detection signal S from the rotor 
position detection unit 21, the electrical angle control 
unit 24 counts one period 'T" of the position detection 
signal. In step 2, the electrical angle is replaced by mi- 
cro-seconds to calculate the advanced angle. For ex- 
ample, when the electrical angle of one degree corre- 
sponds to one micro-second, one period (i.e., 360 de- 
grees) of the electrical angle corresponds to 360 micro- 
seconds. Further, when the advanced angle At is fifteen 
degrees it corresponds to fifteen micro-seconds. In step 
3, one period T of the position detection signal is divided 
into six portions each having T/6. In step 4, the ad- 
vanced angle is generated by a shift register as men- 
tioned below. In step 5, the driving signal generation unit 

25 generates the driving signal D to the motor based on 
the advanced angle. 

In Fig. 6 ; reference characters A, B and C denote 
the position detection signals S from the rotor position 
detection unit 21 . In this case, the positions detector (i. 
e. ; hall element) 5 is arranged in the most advantage 
positions of the rotor to become the most preferable tim- 
ing to obtain the most efficient operation of the motor 
during acceleration and normal rotation. As mentioned 
above : one period T corresponds to an electrical angle 
of 360 degrees so that "T/6" corresponds to a 60 degree 
electrical angle. 

Reference characters A', B' and C also denote the 
position detection signals shifted by the advanced angle 
At. Although the advanced angle At theoretically chang- 
es in the range of 0 to 60 degrees (not including a 0 or 
60 degree angle), the most preferable advanced angle 
At is in the range of 15 to 30 degrees. In this range, it is 
possible to obtain the most preferable acceleration char- 
acteristic at the start of the rotation. 

Further the advanced angle At is determined from 
the leading edge of the position detection signal A so 
that it is possible to obtain the leading edge of the posi- 
tion detection signal A'. Accordingly, the leading edge 



of the position detection signal B' is determined after T/ 
6 from the position detection signal A', and the leading 
edge of the position detection signal C is determined 
after T/6 from the position detection signal B'. 

s Figure 7A is a view for explaining a counter electro- 

motive voltage at an electrical angle of zero degrees in 
the three-phase DC motor, and Figure 7B is a view ex- 
plaining a counter electromotive voltage at an advanced 
electrical angle in the three-phase DC motor. In these 

10 drawings, the ordinate denotes the counter electromo- 
tive voltage and abscissa denotes time. The slanted line 
areas denote the motor driving current supplied to the 
driving coil. 

In Fig. 7A, the motor starts to rotate when the coun- 
ts ter electromotive voltage is V1 . The voltage V1 corre- 
sponds to the start of the flow of the driving current to 
the coil. In Fig. 7B, the motor starts to rotate when the 
counter electromotive voltage is V2. The voltage V2 also 
corresponds to the start of the flow of the driving current 
20 having an advanced electrical angle. As is obvious from 
these drawings, the voltages V2 is smaller than the volt- 
age V1 . 

As explained above, the smaller the counter elec- 
tromotive voltage, the larger the driving current. Accord- 
25 ingly, the driving current in Fig. 7B becomes larger than 
that of Fig. 7A so that it is possible to improve the ac- 
celeration characteristic at the start of rotation. 

The driving current flowing in the motor is ex- 
pressed by the following formula. That is, 

30 

V=Rala + KeN (1) 

Therefore, 

35 

la = (V - Ke N)/ Ra (2) 

Where, V is a supply voltage to a motor, la is a driv- 
40 ing current to a coil, Ra is a winding resistance, Ke is a 
coefficient of a counter electromotive voltage, N is a ro- 
tational speed, and Ke N is a counter electromotive volt- 
age. 

As is obvious from the formula (2), the larger than 
-fs counter electromotive voltage Ke N, the smaller the driv- 
ing current la. As explained above, when the motor is 
driven by a high counter electromotive voltage at the 
electrical angle of zero degrees, the driving current to 
the motor becomes small so that it is possible to reduce 
50 power consumption. However, In this case, the acceler- 
ation characteristic at the start of rotation becomes 
worse because the driving current is small. 

Accordingly, in the present invention, there electri- 
cal angle is advanced from zero degrees during accel- 
ss eration at the start of the rotation so that it is possible to 
improve the acceleration characteristic because the 
counter electromotive voltage becomes smaller than ze- 
ro degrees as shown in Fig. 7B. 
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As is obvious from the formula (1 ) and (2), it is nec- 
essary to raise the coefficient of the counter electromo- 
tive voltage Ke to produce a brushless DC motor having 
a high counter electromotive voltage. In this case, to 
raise the coefficient Ke. it is necessary to provide a per- 
manent magnet having high magnetic energy as the ro- 
tor, or provide a winding having a large inductance as 
the stator. 

Figures 8A to 8C are detailed view explaining the 
relationship between the driving current (slanted line 
portion) and the counter electromotive voltage. In the 
drawing. Fig. 8A illustrate the state just after rotation. 
The electrical angle is not advanced in this state, since 
the rotational speed is small. The counter electromotive 
voltage (V) is also small because the counter electro- 
motive voltage is given Ke N (Ke is a coefficiency of 
counter electromotive voltage, N is rotational speed). 

Fig. 8B illustrates acceleration state. The timing of 
the electrical angle is advanced from zero degrees 
shown Fig. 8A. In this case, since the electrical angle is 
advanced, the counter electromotive voltage becomes 
small. 

Fig. 8C illustrates the normal rotation state. The 
electrical angle is returned to zero degrees during nor- 
mal rotation. 

Briefly, in a brushless DC motor having a relatively 
high counter electromotive voltage, in the present inven- 
tion, the electrical angle is set to zero degrees during 
normal rotation so than it is possible to reduce power 
consumption because the driving current becomes 
small, and the electrical angle advances from zero de- 
grees during acceleration at the start of rotation so that 
it is possible to ensure the acceleration characteristic at 
the start of the rotation. 

Figures 9A and 9B are flowcharts explaining a con- 
trol of an electrical angle according to the present inven- 
tion. The brushless DC motor has eight poles in this em- 
bodiment. 

in step 1, An interruption process to the MPU (mi- 
croprocessor shown in Fig. 10) is performed by the po- 
sition detection signal A (below, phase A). 

In step 2, the data of the phase A latched by the 
latch circuit 32 (see, Fig. 10) is read to the MPU. 

In step 3, the data of the phase data A is stored in 
the MPU as the data PHAn. 

In step 4, the MPU calculates the data PHAn and 
the amount of electrical angle to be controlled (i.e., ad- 
vanced angle), and the resultant data at the MPU is out- 
put to the latch circuit 33 (see, Fig. 10). In this case, the 
data before one rotation is used to calculate the electri- 
cal angle at the present stage. 

In step 5, the period of the next phase receiving the 
next interruption is divided into six portions each having 
equal length. 

In step 6. the above divided six portions are set to 
the circuit. 

In step 1, the MPU calculates the amount of electri- 
cal angle, i.e., the advanced angle. As explained above, 



the advanced angle of the phase A is expressed by the 
time (u. second). In actual, the phase B' is calculated 
from the phase A. 

In step 8, the rotational speed at the present time is 

s calculated based on I PHAn - PHAn4 I (see, Fig. 13A) 
since the motor rotates in four periods of phase A based 
on eight poles. 

In step 9, the rotation speed is controlled by a pulse 
width modulation (PWM) at normal rotation. 

10 in step 10, the MPU determines whether or not the 
rotation is normal. 

In step 11, when the rotation is normal (YES, in step 
10), the MPU determines whether or not the advanced 
angle (DLYA, initial value of DLY A is set to fifteen de- 

15 grees) of the phase A is zero degrees. 

In step 12, when the advanced angle (DLYA) of the 
phase A is not zero (NO. in step 11), the MPU deter- 
mines whether or not the wait time for next decrement 
of DLYA (DLYCNT) is zero. 

20 In step 13, when the count (DLYCNT) is not zero 
(NO, is step 12), the count (DLYCNT) is decremented. 

In step 1 4, when the count (DLYCNT) is zero (YES, 
in step 1 2), the MPU determines whether or not the duty 
ratio of the PWM is equal to or smaller than 80 %, be- 

25 cause the advanced angle is controlled by the duty ratio 
of the PWM. 

In step 1 5, the advanced angle is subtracted every 
minus one degree. 

In step 16, the count DLYCNT is set to 300. 

30 In step 17, when the rotation is not normal (NO, in 
step 10), the check is determined whether or not the ad- 
vanced angle (DLYA) is zero (YES, in step 11 ), and the 
following four data based on the interruption of the 
phase A are stored in the memory, 

35 | PHAn3 -» PHAn4 I, I PHAn2 -» PHAn3 I, I PHAnl 
PHAn2 I, and I PHAn -> PHAN 1 1. 

In step 18 t the interruption process is completed in 
the electrical angle control unit. 

Figure 10 is a detailed circuit diagram of the elec- 

40 trical angle control unit. In Fig. 10, reference number 31 
denotes a 16 bits free run counter reference number 
32, 33, 37 and 38 denotes a 16-bits data latch circuits, 
34 denotes a 16-bits comparator 35 denotes a re-load 
counter, and 36 denotes a ripple (RCO) counter. Further, 

4S MPU denotes a microprocessor. 

The 16-bits free run counter 31 counts clocks CLK 
every one micro second (1 from "0000" to "ffff" as 
16-bits data, and these 16-bits data are latched by the 
16-bits data latch circuit 32. When the phase A is input 

50 to the 1 6-bits data latch circuit 32. these 1 6-bits data are 
transferred to the MPU. The phase A is used as the in- 
terruption to the MPU. 

The MPU outputs the amount of electrical angle to 
be controlled to the 16-bits comparator 34 through the 

55 16-bits data latch circuit 33. Further, the 16-bits data are 
input parallel from the 16-bits free run counter 31 to the 
16-bits comparator 34. The 16-bits comparator 34 out- 
puts the resultant signal (B) when the 16-bits data from 
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the free run counter 31 is equal to the 16-bits data from 
the MPU. This resultant signal (B) indicates the start of 
the phase B'. 

The signal (B) is input to the re-load counter 35 
through the AND1 gate. In this case, the AND1 gate re- 
ceives the signal (C) from the AND2 gate in the other 
input terminal thereof. The re-load counter 35 receives 
the clock signal CLK, the output of the AND1 gate, and 
16-bits data from the 16-bits data latch circuit 38. Fur- 
ther, the re-load counter 35 outputs the resultant data 
to the ripple counter (RCO) 36 for every 1/6 period of 
the phase A. 

The ripple counter 36 receives the resultant data 
from the re-load counter 35 and counts the resultant da- 
ta until five counts, and after five counts, the re-load 
counter 5 is stopped. The Q terminal of the ripple coun- 
ter 36 outputs the signal (A), and the inverted Q terminal 
outputs the signal (C) through the AND2 gate. 

Further, the MPU outputs a 1/6 period signal of the 
phase A to the 16-bits latch circuit 37. These 16-bits data 
are output to the re-load counter 35 through the 16-bit 
latch circuit 38. 

Figure 1 1 is a detailed block diagram of a phase pat- 
tern generator, and Figure 12 is a timing chart of the 
diagram shown in Fig. 11. The operation of this circuit 
is explained in detail with reference to the timing chart 
of Fig. 12. 

Reference numbers 41, 43 and 44 denote flip-flop 
circuits. Reference number 42 denotes an OR circuit. 
The flip-flop circuit 41 has three flip-flop units FF1 to 
FF3. The FF1 receives the inverted signal (B) and the 
signal (C) from the AND2 gate. The FF1 outputs the sig- 
nal (1) to the FF2, and the FF2 outputs the signal (2) to 
the FF3. The FF3 outputs the phase B' and the inverted 
phase B\ Further, the OR circuit 42 performs the OR 
operation to signal (B) and the signal (C), and the result 
is input to the flip-flop 43. The inverted signal (B) and 
the phase B' are input to the flip-flop 43. The flip-flop 43 
outputs the phase C\ Further, the flip-flop 44 receives 
the phase C and the result of the adder 42, and outputs 
the phase A\ 

Figures 1 3A and 1 3B are timing charts for position 
detection signals A, B and C to explain the embodiment 
shown in Figs. 9A to 12. Fig. 1 3A is the case of an elec- 
trical angle of zero degrees and Fig. 13B is the case of 
an advanced angle DLYA. In Fig. 13A, PHAn to PHAn4 
denote the interruption pulse to the MPU, and these in- 
terruption pulses are generated for every one period of 
the phase A. As is obvious from the timing chart, one 
period of the phase A can be expressed by I PHAn - 

PHAnl I, t I PHAn3, - PHAn4 I. Since the motor has 

eight poles in this embodiment, four periods of the phase 
A indicate one rotation of the motor 

In Fig. 13B, the advanced angle (u.s) can be ex- 
pressed by the following formula. 

advanced angle (us) = (|PHAn -.PHAnl|) x DLY / 



360° 

The phase B' is a new position detection signal ad- 

5 vanced by the amount of "DLYA". 

Figure 14 is a schematic block diagram of a mag- 
netic disc apparatus applying the present invention. In 
Fig. 14, the magnetic disc apparatus has, for example, 
five magnetic discs 0 to 4. These discs are rotated by a 

10 spindle motor SPM. in general, the spindle motor SPM 
is formed by the brushless DC motor having a relatively 
high counter electromotive voltage. The rotational 
speed of the spindle motor SPM is controlled by a rota- 
tion control circuit RVC receives write/read data W/RD, 

is a control signal CNTS, and address data ADRD from a 
controller (not shown). The data are written on data sur- 
faces of the disc, and the written data are read by the 
data heads 0 to 6 through a data write/read circuit D-W/ 
R. Further, when the servo data on the disc are read by 

20 a servo head, they are demodulated by a position de- 
tection circuit POS-DET. The resultant data of the circuit 
POS-DET is output to a position control circuit POS for 
positioning the data head. The resultant data of the po- 
sition control circuit POS is output to a voice coil motor 

2S VCM so that the data head is positioned by the VCM 
through a postioner. 

EACS denotes the electrical angle control system 
according to the present invention. The electrical angle 
control system EACS controls the electrical angle of 

30 drive current supplied to the spindle motor so as to ad- 
vance from zero degrees during acceleration at the start 
of rotation and to return to zero degree during normal 
rotation. Since the detailed structure is shown by Fig. 4, 
the explanation of this system is omitted. 

35 

Claims 

1. An electrical angle control system for a brushless 
-*o DC motor (M) having a relatively high counter elec- 
tromotive voltage, the system comprising: 

rotor position detection means (5) mounted to 
the motor (M) for detecting the rotor position 

4$ and generating a position detection signal (S): 

electrical angle control means (11 ,24) receiving 
the position detection signal (S), and controlling 
a period of the position detection signal in such 
a way that the electrical angle is advanced from 

50 an electrical angle of zero degrees to an ad- 

vanced angle during acceleration at the start of 
rotation to ensure an acceleration characteris- 
tic of the motor (M), and the electrical angle is 
returned to an electrical angle of zero degrees 

55 during normal rotation to ensure a small driving 

current and reduce power consumption of the 
motor (M): and 

driving means (1 2,26) receiving position detec- 
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tion signals each having an electrical angle 
controlled by the electrical angle control means 
( 1 1 : 24), and outputting the driving current to the 
motor (M). 



a voice coil motor (VCM) lor moving a plurality 
of heads (0 to 6) to predetermined positions on 
the discs based on a position signal: 
a rotational speed control unit (RVC) for con- 
5 trolling the rotational speed of the spindle motor 

(SPM); and 

a position control unit (POS) for generating the 
position signal to control the position of a head 
on a disc to a predetermined position through 
io the voice coil motor (VCM). 



An electrical angle control system as claimed in 
claim 1 , wherein the electrical angle control means 
(11,24) further controls the electrical angle in such 
a way that, first, the electrical angle is not advanced 
just after the start of rotation, then, the electrical an- 
gle is advanced from zero degrees to an advanced 
angle until the rotation becomes normal, and finally 
the electrical angle is returned to zero degrees in 
the normal rotation. 

An electrical angle control system as claimed in 
claim 1, wherein the electrical angle control means 
(11.24) comprises: 

a 16-bits free run counter (31) receiving clocks 
(CLK) having a one micro-second period, 
counting the clocks and outputting 16-bits data 
from -0000- to "ffff": 

16-bit data latch circuits (32, 33 : 37 and 38) for 
latching 16-bits data; 

a 1 6-bits comparator (34) for comparing 1 6-bits 
data from the free run counter (31 ) with 16-bits 
data indicating the amount of electrical angle to 
be controlled from a microprocessor (MPU); 
a re-load counter (35) for incrementing a count 30 
for every 1/6 period of a position detection sig- 
nal and outputting resultant data: and 
a ripple counter (36) for receiving the resultant 
data and counting five times and stopping the 
count of the re-load counter. 35 

An electrical angle control system as claimed in 
claim 1 or 2, wherein the electrical angle control 
means (11,24) comprises a phase pattern genera- 
tor (42,43,44) to generate each position detection •*<> 
signal having an advanced electrical angle. 

A magnetic disc apparatus, comprising: 

a spindle motor (SPM) formed by a brushless ■*$ 
DC motor having a relatively high counter elec- 
tromotive voltage, and rotating a plurality of 
discs (0 to 4) based on a predetermined rota- 
tional speed: 

a rotor position detection means mounted to the s< > 
motor for detecting the rotor position and gen- 
erating a position detection signal; 
an electrical angle control system for control- 
ling an electrical angle of drive current supplied 
to the spindle motor (SPM) so as to advance 55 
from zerodegrees to an advanced angle during 
acceleration at the start of rotation and to return 
to zero degree during normal rotation: 



Patentanspruche 

1. Steuersystem fur den elektrischen Winkel fur einen 
burstenlosen Gleichstrommotor (M) ; der eine relativ 
hohe gegenelektromotortsche Spannung hat, wel- 
ches System enthalt: 

eine Rotorpositionserfassungseinrichtung (5), 
die an dem Motor (M) angebracht ist. um die 
Rotorposition zu erfassen und ein Positionser- 
fassungssignal (S) zu erzeugen; 
eine Steuereinrichtung (11, 24) fur den elektri- 
schen Winkel, die das Posittonserfassungssi- 
gnal (S) empfangt und die Periode des Positi- 
onserfassungssignals in der Weise steuert, 
daG der elektrische Winkel bei Drehanlauf wah- 
rend der Beschleunigung von dem elektrischen 
Winkel von Null Grad auf einen vorverschobe- 
nen Winkel vorverschoben wird, um eine Be- 
schleunigungscharakteristik des Motors (M) si- 
cherzustellen, und der elektrische Winkel wah- 
rend der normalen Umdrehung auf den elektri- 
schen Winkel von Null Grad ruckgestellt wird, 
um einen geringen Ansteuerstrom sicherzu- 
stellen und so den Leistungsverbrauch des Mo- 
tors (M) zu verringem; und 
eine Ansteuereinrichtung (12, 16), die Positi- 
onserfassungssignale empfangt, von welchen 
jedes einen von der Steuereinrichtung (11 S 24) 
fur den elektrischen Winkel gesteuerten elek- 
trischen Winkel hat, und den Ansteuerstrom an 
den Motor (M) abgibt. 

2. Steuersystem fur den elektrischen Winkel nach An- 
spruch 1, bei welchem die Steuereinrichtung (11. 
24) fur den elektrischen Winkel ferner den elektri- 
schen Winkel in der Weise steuert, daG zunachst 
der elektrische Winkel unmittelbar nach dem Dreh- 
anlauf nicht vorverschoben wird, dann der elektri- 
sche Winkel von Null Grad auf einen vorverschobe- 
nen Winkel vorverschoben wird : bis die Umdrehung 
normal wird, und schtieGlich der elektrische Winkel 
bei normaler Umdrehung auf Null Grad ruckgestellt 
wird. 

3. Steuersystem f Or den elektrischen Winkel nach An- 
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spruch 1, bei welchem die Steuereinrichtung (11, 
24) fur den elektrischen Winkel umfaBt: 

einen 16-Bit-Freilaufzahler (31 ), der Taktimpul- 
se (CLK) empfangt, die eine Periode von einer 
Mikrosekunde haben, die Taktsignale zahlt und 
16-Bit-Daten von *0000* bis "fffT ausgibt; 
1 6-Bit-Datenverriegelungsschaltungen (32. 
33, 37 und 38) zum Verriegeln von 16-Bit-Da- 
ten: 

eine 1 6-Bit- Vergleichseinrichtung (34) zum 
Vergleichen von 16-Bit-Daten von dem Frei- 
laufzahler (31) mit 16-Bit-Daten, die das Aus- 
maO des elektrischen Winkels angeben, der 
von einem Mikroprozessor (MPU) zu steuern 
ist: 

einen Nachladezahler (35) zum Inkrementieren 
eines Zahlwertes fur jede 1/6 Periode eines Po- 
sitionserfassungssignals und Ausgeben der re- 
sultierenden Daten; 

und einen Welligkeitszahler (36) zum Empfan- 
gen der resultierenden Daten und Zahlen von 
funf Malen und Stoppen des Zahlwerts des 
Nachladezahlers. 

Steuersystem fur den elektrischen Winkel nach An- 
spruch 1 Oder 2, bei welchem die Steuereinrichtung 
(11 , 24) fur den elektrischen Winkel einen Phasen- 
mustergenerator (42, 43 : 44) umfaBt, um jedes Po- 
sitionserfassungssignal zu erzeugen, das einen 
vorverschobenen elektrischen Winkel hat. 

Magnetplattengerat, umfassend: 

einen Spindelmotor (SPM), der durch einen 
burstenlosen Gleichstrommotor gebildet ist, 
der eine relativ hone gegenelektromotorische 
Spannung hat und eine Vielzahl von Platten (0 
bis 4) auf der Basis einer vorbestimmten Dreh- 
geschwindigkeit in Umdrehung versetzt; 
eine Rotorpositionserfassungseinrichtung, die 
an dem Motor angebracht ist, um die Rotorpo- 
sition zu erfassen und ein Positionserfassungs- 
signal zu erzeugen: 

ein Steuersystem fur den elektrischen Winkel 
zur Steuerung eines elektrischen Winkels des 
Ansteuerstromes, der dem Spindelmotor 
(SPM) zugefuhrt wird, um so wahrend der Be- 
schleunigung bei Drehanlauf von Null Grad auf 
einen vorverschobenen Winkel vorzustellen 
und wahrend der normalen Umdrehung auf 
Null Grad ruckzustellen; 
einen Schwingspulenmotor (VCM) zum Bewe- 
gen einer Vielzahl von Kopfen (0 bis 6) zu vor- 
bestimmten Positionen auf den Platten basie- 
rend auf einem Positionssignal: 
eine Drehgeschwindigkeitssteuereinheit 
(RVC) zur Steuerung der Drehgeschwindigkeit 



w 



des Spindelmotors (SPM); und 
eine Positionssteuereinheit (POS) zur Erzeu- 
gung des Positionssignals zum Steuern der Po- 
sition eines Kopfes auf einer Platte an eine vor- 
bestimmte Position durch den Schwingspulen- 
motor (VCM). 



Revendlcatlons 

1. Systeme de commande d'angle electrique pour un 
moteur DC sans balai (M) presentant une force 
contre-electromotrice relativement grande, syste- 
me comprenant: 



75 



un moyen de detection de position de rotor (5) 
monte sur le moteur D C. sans balai (M) pour 
detecter la position du rotor et pour regenerer 
un signal de detection de position (S); 
20 - un moyen de commande d'angle electrique (11, 
24) recevant le signal de detection de position 
(S) et commandant une periode du signal de 
detection de position de telle facon que Tangle 
electrique soit avance a partir d'un angle elec- 
ts trique de 0° d'un angle d'avance lors de Tacce- 
leration au debut de la rotation pour assurer 
une caracteristique d'acceleration du moteur D. 

C. sans balai (M), et Tangle electrique revienne 
a un angle electrique de 0° lors d'une rotation 

30 normale pour assurer un faible courant d'atta- 

que et pour reduire la consommation de puis- 
sance du moteur D.C. sans balai (M): et 
un moyen d'attaque (12, 26) recevant les si- 
gnaux de detection de position possedant cha- 

35 cun un angle electrique commande par le 

moyen de commande d'angle electrique (11, 
24) et gen6rant le courant d'attaque du moteur 

D. C. sans balai (M). 

40 2. Syst&me de commande d'angle electrique selon la 
revendication 1 , dans lequel le moyen de comman- 
de d'angle electrique (11, 24) commande, de plus. 
Tangle 6lectrique de telle facon que, tout d'abord 
Tangle Electrique ne soit pas avance juste apres le 

45 d6but de la rotation puis Tangle Electrique soit avan- 
ce d partir de 0° d'un angle d'avance jusqu'a ce que 
la rotation devienne normale et finalement, Tangle 
electrique retourne & 0° lors de la rotation normale. 

so 3. Systeme de commande d'angle electrique seton la 
revendication 1 1 dans lequel le moyen de comman- 
de d'angle electrique (11, 24) comprend : 

un compteur k vide de 1 6 bits (31 ) recevant des 
55 signaux d'horloge (CLK) prEsentant une perio- 

de d'une microseconde, comptant les signaux 
d'horloge et gEnerant des donnEes de 16 bits 
de -0000" & "ffff": 
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des circuits de bascule de donnees de 16 bits 
(32, 33, 37 et 38) pour basculer les donnees de 
16 bits; 

un comparateur de 16 bits (34) pour comparer 
les donnees de 16 bits du compteur a vide (31 ) s 
avec les donnees de 1 6 bits indiquant la valeur 
d'angle electrique a commander a partir d'un 
microprocesseur (MPU); 

un compteur de rechargement (35) pour incre- 
menter un decompte a chaque 1/6 de periode io 
d'un signal de detection de position et pour ge- 
nerer des donnees resultantes; et 
un compteur d'ondulation (36) pour recevoir les 
donnees resultantes et pour decompter cinq 
fois et arreter le decompte du compteur de re- 
chargement. 



4. Systeme de commande d'angle electrique selon la 
revendtcation 1 ou 2, dans lequel le moyen de com- 
mande d'angle electrique (11 , 24) comprend un ge- 
nerates de configuration de phase (42, 43, 44) 
pour generer chaque signal de detection de position 
ayant un angle electrique avance. 

5. Dispositif de disque magnetique comprenant : 



un moteur a broche (SPM) forme d'un moteur 
D.C. sans balai possedant une force contre- 
electromotrice relativement grande et faisant 
toumer une pluralite de disques (0 a 4) sur la 30 
base d'une vitesse de rotation predetermined; 
un moyen de detection de position de rotor 
monte sur le moteur pour detecter la position 
du rotor et pour generer un signal de detection 
de position: 35 
un systeme de commande d'angle electrique 
pour commander un angle electrique du cou- 
rant d'attaque fourni au moteur a broche (SPM) 
de facon a avancer a partir de 0° d'un angle 
d'avance lors de 1'acceleration au debut de la 40 
rotation et de facon a revenir a 0° lors d'une 
rotation norma le; 

un moteur a equipage mobile (VCM) pour de- 
placer une pluralite de tetes (0 a 6) sur des po- 
sitions predetermines des disques sur la base -*5 
d'un signal de position; 

une unite de commande de vitesse de rotation 
(RVC) pour commander la vitesse de rotation 
du moteur a broche (SPM); et 
une unite de commande de position (POS) pour so 
generer le signal de position afin de comman- 
der la position d'une tete sur un disque vers une 
position predeterminee via le moteur a equipa- 
ge mobile (VCM). 
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